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4,807,963

1
LASER EMITTING DEVICE

‘This application is a continuation of application Ser.
No. 865,480, filed May 21, 1986, now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to a scanning type laser emit-
ting device used for treatment of a human nevus.

Human nevi such as birthmarks, moth patches, or
freckles are formed by the storage of melanin pigments
It is known that the incineration of melanin pigments by
a ruby laser light and/or an argon laser light is effective
for therapy of these nevi.

However, the laser light generally forms in its energy
intensity a Gaussian distribution, and when the laser
light produced from a laser generator is applied to the
human skin, irregular incineration occurs on the skin,
unpreferably reducing the treating effect.

A technique for uniformly forming the energy distri-
bution by propagating the light while repetitively re-
flecting the light on the surfaces in light transmitting
medium in the form of a transparent square bar (herein-
after abbreviated as the “light transmitter”) made of
acrylic material or optical glass is proposed as a tech-
nique for uniformly distributing the output energy of
this laser light (Japanese Patent Laid-open No.
27816/1981). In this transmitter, the laser light is inci-
dent to the rod-shaped light transmitter and propagated
in the transmitter while by a total reflection. Thus, the
laser light emitted from the transmitter is uniformly
distributed in the energy.

This technique is effective for therapy of the nevi, if
a pulse laser light having large instantaneous output like
a ruby laser light is used because of its large output
density. However, the technique needs a long time to
apply predetermined energy to the portion to be cured
since the technique produces a small output density in
case of using a laser light source capable of outputting
only a continuous wave like an argon laser light. Thus, 40
when the treatment is carried out by an argon laser light
source, it is necessary to apply laser light for a long
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‘period. Therefore, heat is propagated to a range out of

the region to be emitted, thereby thermally damaging
the heaithy tissue of the region not to be treated at the
periphery of the nevus. Accordingly, it is not prefera-
ble, in view of the treating effect, to use the argon laser
light so as to cure the nevus.

Another laser emitting device which produces a laser
beam of high output density, though argon laser light, in
a uniform energy density distribution is disclosed in
Japanese Patent Application No. 203595/1982. In this
device, as shown in FIG. 1, light transmitter bundle 2 in
which nine prism-shaped light transmitters 4 are, for
example, aligned in three rows in three columns is pro-
vided Laser beams are sequentially scanned and inci-
dent to the incident ends in respective transmitters 4.
The laser beams are propagated while being fully re-
flected individually on the surfaces in the light transmit-
ters, and emitted from the emitting ends after the energy

43

50

2
als capable of transmitting the light and the refractive
indexes are:

Quartz glass: 1.4602 (at 5461 A)

Optical glass: 1.5187 (at 5461 A)

Ethylene tetrafluoride: 1.35

Polypropylene: 1.49-1.50

Air: 1.00
When transmitter 4 is made of quartz glass or optical
glass, ethylene tetrafluoride (Teflon: trade mark) or air
which has a refractive index lower than that of transmit-
ter 4 should be interposed at the sides (between the
transmitters). In other words, the ethylene tetrafluoride
1S coated, a sheet of ethylene tetrafluoride is arranged
on the sides of the transmitters, or air gaps are formed
between the transmitters.

However, it is difficult to reduce the coating thick-
ness of the ethylene tetrafluoride to 100 micron or less.
Even if the sheet of the ethylene tetrafluoride is inter-
posed between transmitters 4, it is also difficult to re-
duce the thickness of the sheet to 100 micron or less.
Further, even if an air layer is interposed between the
transmitters, it 1s also difficult to reduce the air gap to
100 micron or less. Thus, even if optical transmitter
bundle 2 is constructed by bundling rod-shaped light
transmitters 4, a light shielding layer having 100 micron
or more is presented between the transmitters.

As a result, when a laser light is emitted to a portion
to be treated by bundle 2, the portion corresponding to
the light shielding layer between transmitters 4 of the
portion to be emitted becomes a lattice shade to cause
the portion to be emitted to apparently remain. In other
words, the lattice-shaped unincinerated remainder oc-
curs on the portion to be cured to be inconvenient in the

treating effect.

SUMMARY OF THE INVENTION

It 1s an object of this invention to provide a laser
emitting device which has a uniform energy distribution
with high output density of a laser beam to extremely
40 reduce the interval between light transmitters and capa-
ble of preventing a nevus portion from remaining unin-
cinerated.

In order to achieve the above and other objects, there
1s provided according to the present invention a laser
emitting device comprising:

a light transmitter bundle mcludmg a plurahty of
elongated light transmitters, each having a light inci-
dent terminal and a light emitting terminal at both longi-
tudinal ends thereof, metallic reflecting films formed on
the sides of the transmitters and constructed by arrang-

- ing the light incident terminals and the light emitting

35

density distribution becomes uniform. Since the section

of bundle 2 has a size corresponding to the nevus por-
tion to be cured, the sectional areas of respective trans-

mitters 4 are small. Thus, the energy density (the emit-

ting energy/the sectional area) of the laser beam can be
sufficiently high.

In this case, the laser beam is transmitted while being
totally reflected in the transmitter. The essential materi-

635

terminals of the respective transmitters on the same
surfaces, respectively, and bundling the transmitters,
comprising: |

a light source for irradiating a laser beam; and

laser beam scanning means for scanning the light
incident terminals with the laser beam by sequentially
emitting the laser beam to the light 1nc:1dent terminals of
a plurality of transmitters.

According to the invention, the laser beams incident
to the respective transmitters are mirror-reflected by
the metallic film, and propagated in the transmitter
while being repetitively reflected. Thus, the energy
density of the laser beam is formed uniformly. The
plurality of transmitters are bundled to obtain a prede-
termining emitting area, and the sectional area of the
transmitter is small Therefore, the laser beam of high
energy density and high emitting area can be obtained.
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Further, the feature of this invention resides in that the
metallic film is disposed on the sides of the transmitter.
In this invention, the laser beam is not fully reflected,
but propagates while being repetitively mirror-reflected
by the metallic film. Since the metallic fiim can be
formed by depositing on the sides of the transmitter, the
thickness of the metallic film can be reduced. Accord-
ingly, the interval between the transmitters can be ex-
tremely shortened. Thus, since the interval between the
transmitters is short, it can prevent the laser beam from
leaking (remaining unincinerated) due to the presence
of the interval. This is very effective in the treatment.

Since the beam is not fully reflected, the incident angle

of the beam to the incident terminal of the transmitter
can be increased. Thus, the length of the transmitter can

be shortened to readily manufacture the laser emitting
device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective view showing a conventional
light transmitter bundle;

FIG. 2 is a view showing an embodiment of a laser
beam emitting device according to the present inven-
tion; and

FIG. 3 is an enlarged sectional view of the light trans-
‘mitter bundle of the device. |

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 2 shows an embodiment of a laser beam emitting
device according to the present invention. Condensing
lens 12 and reflecting mirror 14 are arranged on the
optical axis of laser generator 10. Mirror 14 is driven by
drive member 16 such as a step motor so as to recipro-
catingly rotate at the crossing point of the reflecting
surface and the optical axis as a center. Laser beam from
generator 10 is reflected by mirror 14, and achieves a
scanning in a sector shape in a predetermined angle
range from the central angle as designated by one-dot-
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ted chain line in FIG. 2. Light incident terminals 34 of 40

bundle fibers 18 in which plurality (nine in the embodi-
ment shown) of optical fibers 18a, 185, 18¢, 184, 18e,
18/, 18g, 18/ and 18/ are bundled are arranged on the
scanning line of the beam. Thus, the beam reflected by

rotating mirror 14 scans the nine incident terminals of 45

fibers 18 to be sequentially incident to the respective
fibers. Emitting terminals 36 of fibers 18 are mounted in
three rows and three columns in holder 20.

Optical transmitter bundle 22 is disposed oppositely
to holder 20. Bundle 22 is constructed by aligning

square prism-shaped light transmitters 22a, 22b, 22c
224, 22d, 22f, 22g, 22h and 22i in three rows and three
columns in section. Transmitters 22a to 22/ are formed
of a light transmitting material such as glass, quartz or
acryl, which has high light transmitter efficiency with
respect to the light to be transmitted. These transmitters
22a to 22i are mirror-polished and finished. The longitu-
dinal ends of transmitters 22a to 22/ become light inci-
~ dent terminals 30 and light emitting terminals 32. Mir-
ror-reflecting films 26 are, for example, formed by de-
positing stlver on the sides of transmitters 22a to 22i.
Since films 26 are formed by depositing, the thickness
may be formed 1 to 2 micron. Copper is, for example,
deposited on films 26 to prevent the silver from oxidiz-
ing to form protective film 28. Film 28 may be formed
of any other material, such as nickel or chromium,
which is hardly oxidized. Since film 28 can be formed
by depositing, its thickness may be 1 to 2 micron. There-
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fore, an interval between adjacent transmitters 22a to
22i can be formed to 4 micron or less at the maximum in
bundle 22. In other words, the width of the region
which does not emit a light on the light emitting surface
can be reduced to 4 microns or less, and the width is a
sufficiently small value to prevent the nevus portion to
be treated from remaining unincinerated. Therefore, the
nevus portion to be treated can be continuously and
uniformly emitted with the laser beam without substan-
tially discontinuity.

Transmitters 22a to 22/ are secured fixedly each
other, with grease applied between them. Alternatively,
transmitters 22a to 22/ can be pressed to one another at
end and are fixed to one another, or can be connected to
one another with adhesive.

In the laser beam emitting device constructed as de-
scribed above, the laser beam emitted from generator 10
is reflected by mirror 14, and incident to incident termi-
nals 34 of fibers 18. Since mirror 14 reciprocatingly
rotates by member 16, the beams scan light emitting
terminals 34 of fibers 18a to 18i. Thus, the beams are
sequentially incident to fibers 18a to 18/, and sequen-
tially emitted from emitting terminals 36. 1

Since terminals 36 are held by holder 20 so as to
correspond one by one to terminals 30 of bundle 22, the
beams emitted from terminals 30 of fibers 18a to 18 are
sequentially incident to terminals 30 of transmitters 22a
to 22i. In other words, the beams scan terminals 20 of
transmitters 22a to 22/, and sequentially incident into
the transmitters. The beams are mirror-reflected by film
26 formed on the sides of transmitters 22a to 22i, and
propagate in the transmitters. Thus, the energy distribu-

tion of the beams becomes uniform. Each transmitter

has a small cross sectional area, e.g., 2 mm X2 mm.
Nonetheless, when the transmitters are arranged in
three rows and three columns, as uniform irradiation
surface of 6 mm X 6 mm will be provided. A principle of
uniformly forming uniform laser light energy distribu-
tion by the optical transmitters is by mixing the beams
by repeating the reflections a number of times. Thus, it
is necessary to repeat the reflections of the beams at
predetermined times or higher on the sides of the trans-
mitters. When films 26 are formed on the sides of the
transmitters as in this invention, the beams are propa-
gated by mirror-reflections on films 26. However, if the
ethylene tetrafluoride layer or air layer is interposed
between the transmitters as in the conventional device,
the beams are propagated by total-reflections on the
sides of the transmitters. Thus, the incident angles of the
beams to the transmitters are limited in the conventional
device. However, in the mirror reflection as in this
invention, no limit exists in the reflecting angles, and no
restriction in the incident angles of the beams. There-
fore, according to this invention to obtain the same
number of reflections, the lengths of the transmitters
can be reduced as compared with the conventional
device. It 1s necessary to accurately mirror-polish the
surface of the transmitters. Since the lengths of the
transmitters are short as in this invention, the manufac-
ture of the transmitters can be facilitated, and the mass
productivity can be enhanced to reduce the fabricating
cost.

A light loss exists in the reflection of films 26. The
reflecting materials listed below exhibit the following
reflectivities to light having a wavelength of 0.550 um:

Silver: 97.9% -

Gold: 81.7%

Copper: 66.9%



Aluminum 91.6%

Rhodium: 78.0%
Other reflecting materials can be used when light of a
different wavelength is applied. Hence, the reflecting

materials that can be used in the invention are not lim-

ited to those listed above. |

Of the above materials, silver of the largest reflectiv-
ity has 2.1% of loss. On the other hand, a loss also exists
when the laser beam is propagated in the transmitter.
However, since the length of the transmitter can be
shortened in the invention, the light loss in the transmit-
ter is alleviated. Since the light loss in film 26 and the
light loss in the transmitter at propagating time cancel
to each other, the degree of the light loss in the compar-
ison of the incident intensity of the transmitter with the
emitting intensity does not become larger than that in
the conventional device.

The present invention is not lumted to the particular
embodiments described above. Other changes and mod-
ifications can be made within the spirit and scope of the
present invention. For example, laser beam scanning
means is not limited to rotating mirror 14 and a plurality
of optical fibers 18a to 18/ shown in FIG. 2. The reflect-
ing film is not limited to the case formed by depositing,
but a metallic foil may be bonded to the sides of the
transmitters. Further, the material for forming the re-
flecting film is not limited to the stlver, but any material
which has high reflectivity and high durability may be
used. In addition, the number of the transmitters in the
transmitter bundle is not limited to nine as in the above
embodiment, but may be selected to sixteen or other
numbers.

What is claimed is:

1. A laser emitting device for treatment of a human

nevus comprising:

a light source for irradiating a laser beam;

a light transmitter bundle including a plurality of
transparent prism-shaped transmitters for umni-
formly distributing an output energy of said light
source onto a nevus, each of said transmitters hav-
ing a light incident terminal and a light emitting
terminal at respective longitudinal ends thereof and
metallic reflecting films formed on the sides of said
transmitters, and said light transmitter bundle con-
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structed with said metallic reflecting films on adja-
cent sides of each transmitter being substantially
contiguous and by arranging said light incident
terminals and said light emitting terminals of the
respective transmitters on the same surfaces, re-
spectively; and |

laser beam scanning means for scanning said light
incident terminals with a laser beam by sequentially
~emutting said laser beam to said light incident termi-
- nals of said transmitter.

2. A laser emitting device according to clalm 1,
wherein said transmitter is formed of one selected from
the group consisting of quartz, optical glass and acryl.

3. A laser emitting device according to claim 1,
wherein said reflecting film is formed of one selected
from the group consisting of silver, gold, copper, alumi-
num and rhodium.

4. A laser emitting device according to claim 1,
wherein protective films are formed on said metallic

reflecting films.
5. A laser emitting device according to claim 4,

- wherein said protective films are formed of copper.
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6. A laser emitting device according to claim 1,
wherein said transmitters are secured fixedly each

other, with grease between them.

7. A laser emitting device according to claim 1,
wherein said laser beam scanning means comprises a
reflecting mirror for reflecting a laser beam from a laser.
beam generator, a bundle fiber for leading the laser
beam from the mirror to the transmitter, and a plurality
of optical fibers respectively having light incident ter-
minals and light emitting terminals, and drive means for
driving the reflecting mirror to scan the light incident
terminal of the optical fiber with the light reflected
from the reflecting mirror.

8. A laser emitting device according to claim 7,
wherein said laser beam scanning means has a holder for
aligning the emitting terminal of the optical fiber to the
light incident terminal of the transmitter.

9. A laser emitting device according to claim 1
wherein said metallic reflecting films on adjacent sides
of each transmitter define the maximum distance be-

tween each of said adjacent transmitters.
N *® x x X
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